Tendon surgery is unique because it should ensure tendon gliding after surgery. Tendon surgery now can be performed under local anesthesia without tourniquet, by injecting epinephrine mixed with lidocaine, to achieve vasoconstriction in the area of surgery.
It has been a standard practice to obtain local or general anesthesia and apply a tourniquet to perform tendon surgery. However, this practice has been changed in recent years. Tendon surgery is unique because it should ensure tendon gliding after surgery. Tendon surgery now can be performed under local anesthesia without tourniquet, by injecting epinephrine mixed with lidocaine, to achieve vasoconstriction in the area of surgery. [1] [2] [3] [4] [5] [6] Therefore, such wide-awake no tourniquet surgery, which allows tendon to actively move during surgery, has huge benefits for helping surgeons to test tendon function during the process of surgery and to ensure the tendon is properly repaired before leaving the operating table.
I have used this approach in patients who prefer tendon surgery when he or she is awake after I started to adopt it about two years ago. About half of the patients actually prefer to use this method, cost of treatment comes down (because of no anesthesia cost in this kind of surgery), and some of the surgery can be done in a simpler operating setting, such as in a minor procedure room. I typically applied this method to primary flexor tendon repair in zone 1 or 2, tenolysis, and tendon transfer.
PRIMARY FLEXOR TENDON REPAIR

IN ZONE 1 OR 2
Anesthetic Solution
The local anesthetic (1% lidocaine with epinephrine, 1:100,000 for tendon surgery in 1 or 2 digits or in the palm) is injected to the digits of the patient in the waiting area starting 30 minutes before surgery for anesthesia. Injection of such mixture to the hand was found to be safe. [1] [2] [3] [4] [5] [6] Waiting after injection allows the epinephrine to take effect and provide an adequately dry working field. The patient should be lying down for the injection. Injection can be done in a surgical preparation room or a waiting room.
Lidocaine with epinephrine buffered with 10:1 8.4% bicarbonate is used for all injections. All the local anesthetic solution is warmed to body temperature. If premixed anesthetics are available, this can be injected directly (Fig. 1) .
We keep the total dose of infiltration less than 7 mg/kg. Usually, less than 50 mL is required for tendon surgery in the hand (including digits and palm areas), and we use premixed 1% lidocaine with 1:100,000 epinephrine. Occasionally, 50 to 100 mL is required when surgery is involved in 3 or 4 digits or in the forearm; in these cases, we dilute with saline to a concentration of 0.5% lidocaine with 
Methods of Injection
The injection starts proximally with a fine needle (25 or 27 gauge) (Fig. 1) . Between 10 mL and 15 mL infiltration is injected in the most proximal part of the likely dissection area to block the nerves distally. This site is located in the distal part of the palm for a zone 2 tendon repair. In this way, the large volume of the first injection will bathe all of the nerves leading to the area of the next injections. For a zone 1 tendon repair, we usually inject the solution similarly as for a zone 2 tendon repair.
In making the first injection, we insert the needle perpendicular to the skin into the subcutaneous fat to reduce pain of injection. 6) Then the syringe is stabilized with fingers propped on the skin to avoid needle wobble. We inject the first 0.5 mL slowly (5 seconds) and then pause. Wait 15 to 45 seconds until the patient tells us that the sting is gone. Then, we proceed to inject the rest of infiltration very slowly (more than 5 minutes) without moving the needle ( Fig. 2A) . Sometimes, I make this first injection in a quicker fashion than I described above and inject continuously in the way that we all use for local anesthesia, if the patient tolerates well.
About 10 to 15 minutes after the first injection, the whole distal area of dissection is almost or totally numb. The next injections will be pain free. The next three injections are used mainly for the epinephrine vasoconstriction effect. Between both digital nerves, 2 mL of infiltration is injected subcutaneously at the palmar digital crease, so the bevel of the needle does not lacerate the nerve fascicles (Fig.  2B) . Another 2 mL of infiltration is also injected subcutaneously at the digital crease of the proximal interphalangeal (PIP) joint between both digital nerves (Fig. 2C) . The final 1 mL of infiltration is then injected subcutaneously at the digital crease of the distal interphalangeal (DIP) joint between both digital nerves (Fig. 2D) . We then wait 15 minutes to proceed to field sterilization and the surgery.
Surgical Procedures
The surgery starts 30 minutes after the first injection or 15 minutes after completion of all injections. The patient The third injection (2 mL) was performed immediately after the second injection under the skin at the digital crease of the proximal interphalangeal joint between both digital nerves. (D) The final injection (1 mL) was performed immediately after the third injection under the skin at the digital crease of the distal interphalangeal joint between both digital nerves. is prepared and draped in the operating room. A Bruner incision of about 2 cm is used to expose the tendon sheath. The flexor sheath is exposed. The sheath is opened through a small incision along the midline, about 1 to 1.5 cm usually. The sheath opening should be limited within 1.5 to 2 cm. Retraction of the tendon ends, especially the proximal tendon end, is very common. Flexion of the distal finger joints helps bring the distal end into the operating field. If the tendon is cut in zone 2, flexion of the metacarpophalangeal (MP) joint sometimes helps the proximal stump advance to the sheath opening area, but very often a separate incision at the distal palm is needed to find the proximal stump and it is advanced distally through the preserved sheath to approximate the distal tendon. If the tendon is cut in zone 1, flexion of the PIP joint usually brings the proximal end back to the operative field.
During the surgery, some mild bleeding may be seen when the skin incision is made, but after wiping the sites with gauzes, the bleeding usually stops. We no longer use cautery but occasionally use a hemostat on bigger vessels for a few minutes to achieve hemostasis.
The flexor digitorum profundus (FDP) tendon is repaired with a 6-strand core suture repair (4-0 suture, M-Tang method using looped suture (Fig. 3) , 7) such as Supramid (S Jackson, Inc., Alexandria, VA, USA), or a triple Kessler method with asymmetric core suture purchases at two tendon stumps 8) ) plus a simple running peripheral suture (6-0 suture) (Fig. 4) . Core suture purchases should be at least 7 mm, ideally around 10 cm (Fig. 5 ). This is a very important requirement for the core suture. 9, 10) The core suture is performed with some extent of tension to make the two tendon ends approximate tightly to increase gapping resistance, but not too tight to avoid marked tendon bulkiness. It is important to make the repair a bit tensed, rather than being loose or tension-free. My method is to tension the core suture lines to the degree that makes the tendon segments within the core sutures shortened slightly, by approximately 10% (Fig. 5) . 11, 12) The lacerated flexor digitorum superficialis (FDS) tendon is repaired when the wound is clean and the repair is easy and the cut is not in the area of zone under the A2 pulley. In many cases, I do not repair the FDS tendon, especially when at delayed primary repair, and when in the A2 pulley area, or when FDS tendon retracted proximally. I have not found that has affected finger function.
Repair of damaged synovial sheath is usually not necessary and whether the sheath is closed does not affect outcomes. However, it is necessary to take care to pre- Fig. 3 . Thirty minutes after the local anesthesia injection, the epinephrine takes effect. The skin of the operative field has turned pale. The wound was exposed through a Bruner incision, and the distal half of the A2 pulley was incised through the volar midline. The proximal end of ruptured tendon was found in a small incision in the distal palm and advanced under the preserved A1 and the proximal part of the A2 pulleys. This flexor digitorum profundus tendon shown was repaired with a 6-strand M-Tang technique.
M-Tang repair (6-strand) 
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Asymmetric triple Kessler repair (6-strand) serve most or most parts of the annular pulleys if possible. When other annular pulleys are intact, we can vent the A4 pulley entirely if the tendon ends can pass under this narrow pulley or the pulley restricts tendon gliding (which is often the case). 7) If the injury site is at or around the A2 pulley, a part (1/2 to 2/3) of the A2 pulley can be vented. 6) My method of venting is a direct cut along the volar midline using scissors. Pulley venting may be done together with cutting of a part of adjacent synovial sheath. The total length of sheath-pulley release in the site of repair surgery is 1.5 cm or 2 cm depending on the finger length. 6) Our studies show that this length of release allows ample tendon gliding but will not cause tendon bowstringing when other sheath parts are intact. I have performed such venting for over 10 years and have not seen functional damage to the finger after properly doing the venting.
Extension-Flexion Test
This is a test that should be done immediately after the repair. We ask the patient to actively extend and flex the surgically repaired digits. This test verifies that the repair is strong and is able to tolerate early active digital motion during rehabilitation. 13, 14) This test is called "digital extension-flexion test. " 14) There are thee needed parts of this test: (1) full active extension to verify no gapping between the tendon ends (Fig. 6) ; (2) smooth active flexion to verify smooth gliding of the tendon and its repair site; and (3) active flexion to almost totally flex the digit to verify that the no pulley prevents tendon gliding. If the examination creates a visible gap between the two tendon ends during finger extension, the suture is usually not tight enough and needs to be replaced with a tighter suture with proper tension to avoid rupture. Active flexion indicates the annular pulley prevents ample gliding of the tendon. Pulleys may need to be vented further.
Here, I strongly stress that the repeated total active movement examination may be needed to verify that the repair is strong and pulley release is sufficient. The allowable length of the pulley release for the A2 is 2/3, and the entire A4 pulley can be vented with a part of the synovial sheath when all other annular pulleys are well preserved. Usually this venting allows ample tendon gliding but will not cause tendon bowstringing when other sheath parts are intact.
Repair of flexor tendon in proximal zone 1 can use similar approaches because only FDP tendon is repaired. To find or pass the retracted proximal end, the A4 pulley may need entire venting if the repair is very close to that pulley. A separate incision in the proximal part of the digit or distal palm may be necessary to find the retracted FDP tendon and A4 may need total venting to pass the proximal stump distally. The repair method is the same as in zone 2 repair.
Postoperative Care
The patient is protected with a very short forearm based splint, from about 6-8 cm above the wrist to the tip of the finger, with the wrist at 20° to 30° flexion, MP joint at slight flexion, and the interphalangeal joints in extension. 15 ) I sometimes put the patient's wrist in neutral position. 7, 15) I think, with a strong repair method and validation of good repair using the intraoperative extensionflexion test, we have a greater room to place the wrist at a position between a wrist neutral position and slight flexion, and may even slight extension.
The early active motion that I use is a combined passive-active motion, starting from 3 to 5 days after the surgery. 15) I do not move the operated digits in the first 3 days after surgery because edema is prominent, pain is severe, and adhesions do not form in this period. Motion starts from day 4 or 5. In the initial 1 to 2 weeks after surgery, we keep the active finger flexion within only one-third of the total range of finger motion (Fig. 7) . The partial range of active motion is progressively increased to two-thirds in week 3 or 4 after surgery. The patient should avoid full range of active flexion in the first 2 to 3 weeks after surgery because the final extreme digital flexion produces the greatest bending force to the tendon and tendon is prone to disruption. Full range of active motion starts at week 4. I sometimes start full active motion even a little later in the patient who had tendon repairs in multiple fingers, or when the tendon is repaired 3 to 5 weeks after trauma or after repair of ruptured primary repair.
In performing these motion exercises, the full range of passive digital motion (10 to 30 repetitions) is carried out before the initiation of active digital movement in each session. The number of exercise sessions can range from 5 to 6 times per day and hourly in daytime, depending on the need of motion to prevent or correct digital joint stiffness and patient's desire or availability for the exercise. Four to 5 sessions are minimal each day and 10 to 30 repetitions of passive motion and 20 to 30 repetitions of active motion are minimal for each session in our practice. I do not order patients to move hourly, but some patients prefer to do exercise whenever he or she has free time. I encourage full active extension of the interphalangeal joints in all the postsurgical weeks and encourage differential PIP and DIP joint motions.
The exercise should persist for about 10 to 12 weeks after surgery. Many patients need further extension exercises because of some extension or flexion lags, which can be corrected in subsequent exercises. We inform the patient that improvement is possible even months after repair (Fig. 8) , and persistent exercises of up to 5 or 6 month may still show improvement of function.
TENOLYSIS
Tenolysis in the hand and forearm can be done with similar anesthesia without tourniquet. Therefore, the patient can actively move the digits or the hand to ensure that tenolysis is adequate and the tendon is strong enough to move the tendon. The method of anesthesia is the same as we described earlier for primary repair, and surgical A B incisions for tenolysis are the same with those used traditionally. The only difference is that the surgeons can ask the patient to actively flex or extend the digit or the hand to see active gliding of the tendon. If the tenolysis is sufficient, the surgery is complete. If the tenolysis is insufficient, as indicated by insufficient digit or hand motion, further release of scar around the tendon is necessary. Tendons sometimes are found frayed during surgery. Such active motions help the surgeon to test the strength of these tendons. If the tendon is remarkably elongated or is broken when the digits or the hand actively moved, tendon reconstruction using a tendon grafting should be considered. During active motion, strength of the pulley can be tested as well and whether the pulleys restrict tendon gliding can be assessed. If the pulleys are broken during active tendon motion, important annular pulleys may need reconstruction. Restriction of the tendon gliding from the pulleys may need further release of adhesions or a pulley plasty or pulley shortening procedure.
TENDON TRANSFER
Tendon transfer is actually best indicated for such wideawake surgery, because adjusting tension of the transfer has always been difficult. With the patient being awake, the digits or the hand can move actively to determine correct tension of the transfer. The patient should be asked to perform the desired action after transferring the tendon before the surgeon places the suture to fix the transferred tendon to the damaged tendon. This practice has been a routine for some hand surgeons now, and has been used in most commonly performed tendon transfers such as extensor indicis proprius transfer to the extensor pollicis longus, flexor carpi radialis transfer to the extensor digitorum communis. The anesthesia method is the same as described for the flexor tendon repair in the palm. If a lengthy incision or dissection over an extensive area is necessary in the forearm, 0.5% lidocaine with 1:200,000 epinephrine is used to decrease the total amount of injected epinephrine. Strength and gliding of the tendon suture site (usually Pulvertaft weave suture) are also possible with the patient actively moving the digits or the hand. Besides tendon surgery, similar wide-awake surgery has been used in carpal tunnel release, cubital tunnel release, wrist arthroscopy, and some benign tumor resection. [16] [17] [18] [19] These uses have greatly reduced the cost of the surgery and diminished the use of supplies during surgery. [16] [17] [18] [19] Many patients now can be operated in a minor procedure room. In our department, we established a wide-awake surgical room right in the ward. Many patients do not need to go to the main operating theatre to have surgery. Such a wide-wake surgical room reduces surgical waiting time and save the time of patient transfer and recovery, representing a huge increase in efficiency of surgical treatment as compared to previous surgical settings.
